Introduction
Dairy products, especially fermented milk are considered as the best vehicle to deliver bifidobacteria to humans. Although milk is a nutritional medium for the growth of bifidobacteria, amino acids and low molecular weight peptides are only present at low concentrations. This results in the slow growth of these bacteria in milk. Many approaches have been applied to promote the development of various bifidobacteria for faster milk fermentation. The ability of organisms to grow well in milk depends on their capacity to metabolize milk protein and lactose, and this ability varies considerably among strains [1] . The yeast extract may contribute to the growth stimulation of bifidobacteria and also to the improvement of these bacteria viability in dairy products. Yeast extract is an effective growth promoter and is most often used at concentrations that vary between 0.1 and 0.3% (v/v) [2] . Regulatory authorities around the world are looking for assurance that a probiotic product can deliver viable starter organisms at sufficient number to the large intestine to provide a benefit to the consumer.
Various authors have reported that the viability of bifidobacteria is often low in fermented dairy foods [3] . Bifidobacteria have been associated with health-promoting effects and thus have been incorporated into fermented dairy foods and other dairy foods. The ultimate intent of this strategy is to provide the gastrointestinal tract of humans with elevated viable populations of bifidobacteria. Thus, viability of bifidobacteria in dairy products has received much attention [4] . The aim of the study was to improve the growth of B. breve M4A and B. longum subsp. longum FA1 in skimmed milk media supplemented with yeast extract, glucose and oligofructose on different levels that increase count number after conservation.
Methods

Sampling and isolation
From twelve healthy infants, samples were collected from feces of the breastfed infants. The sampling approved of children
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hospital (Kinderklinik Giessen), and parent agreements were taken. None of the children suffered from gastrointestinal or any major illness or are received antibiotic therapy. Tenfold serial dilutions from the samples were prepared ranged from 10 -5 to 10 -7 using pour plate technique performed on de Man, Rogosa and Sharpe (MRS) selective medium (Merck, Darmstadt, Germany) supplemented with 80 mg/L mupirocin and 0.5 g/L L-Cysteine-HCl (Sigma, Japan) [5] . All plates were incubated anaerobically using anaerobic gas jar (BBL-Difco, USA) and Anaerocult A ® (Merk-Darmstadt, Germany). Plates were incubated anaerobically with gas pack Anaerocult A ® at 37°C for 3 days. Viability was expressed as log10 CFU/mL.
Identification of bifidobacteria
After incubation, opaque white glossy colonies on MRS selective medium were counted, and the morphology of bifidobacteria growth was examined by phase contrast microscope (Axiophot 2, Carl Zeiss Microscopy-Oberkochen, Germany). Several typical colonies (2-5 mm diameter) were picked randomly from plates, and sub-cultured by streaking into MRS selective medium was made. Plates were incubated anaerobically at 37°C for three days. Two bifidobacteria isolates from two different samples were chosen for the further investigation. These two isolates were identified as B. breve M4A and B. longum subsp. longum FA1 using amplification and subsequently sequencing of the 16S rRNA gene using the oligonucleotide primers EUB9F (5'-GAGTTTGATCMTGGCTCAG-3') and EUB1492R (5'-ACGGYTACCTTGTTACGACTT-3') [6] . The PCR reactions were performed as described by Kampmann et al. [7] and the amplicons were sequenced by the company LGC Genomics (Berlin, Germany). Next relatives' sequences were obtained by homology searches using BLAST algorithm available at http://blast.ncbi.nlm.nih.gov/Blast.cgi and the NCBI database. The accession number was CP006716.1 and KM577186.1 for B. breve M4A and B. longum subsp. longum FA1, respectively. The B. longum subsp. longum FA1 was confirmed identification under subspecies with biochemical test of carbohydrate fermentation ability that was grown on basal medium.
Biochemical test of carbohydrate fermentation ability
Bifidobacteria subspecies were identified by grown on basal medium. The medium consisted of (g/L): peptone water (Oxoid Ltd. Basingstoke, UK) 2, yeast extract (Oxoid) 2; NaCl, 0.1; K 2 HPO 4 , 0.04; KH 2 PO, 0.04; MgSO 4 .7H 2 O, 0.01; CaCl 2 .6H 2 O, 0.01; NaHCO 3 2,; L-Cysteine HCl (Sigma) 0.5, and (1% w/v) various media were tested with Glucose, L-Arabinose, Ribose, Oligofructose and Inulin (filter sterilized and added after autoclaving). The component media were dissolved in 10 ml bottles and then were flashed with CO 2 /N 2 gas for 5 min and closed by stoppers. The bottle media were then autoclaved at 121°C for 20 minutes, once are cooled carbohydrates were filtered into add to the media to make an overall concentration of 1% (w/v). From MRS broth medium grown, one ml of B. longum subsp. longum FA1 was injected aseptically into each tube and incubated at 37°C. Each species was grown on each carbohydrate in triplicate. A blank containing medium with no added carbohydrate was also inoculated for each Bifidobacteria species in triplicate, in order to take into account any carryover of glucose. The growth was measured at a wavelength of (650 nm) at 0, and 72 hours post inoculation [8] .
Samples preparation for freeze-drying
Freeze-dried cultures of B. breve M4A and B. longum subsp. longum FA1 were used for the preparation of the dosage. Each of 100 mL MRS broth (Merck) culture of both strains in their stationary phase was centrifuged (Biofuge primor, Heraeus, Germany) at 2500×g for 10 min at 4°C. The supernatant was discarded, and the concentrated cells were resuspended in 20 mL of skimmed milk medium supplemented with 5% glucose (both Merck). The medium was steamed at 100°C for 30 min (Medizin & Lab. Tech. Fritz Goessner, Germany). The suspension was separated in 1 mL for each vial and the vials were frozen at -18°C overnight. Subsequently, the frozen vials were lyophilized (Lyova GT2, Steris, Germany) at -18°C, under vacuum (-2.7 mbar) for 14 hour [9] . After freeze drying, the vials were sealed under vacuum and stored in a refrigerator.
After 6 months of storage, growth activity of freeze-dried strains was measured by enumeration on MRS agar plates. Freezedried preparations were rehydrated with 1 mL of sterile water into each lyophilized vial for 30 min, diluted and plated. After incubation of the plates under anaerobic conditions described above, the survival rates of the cultures after lyophilization were estimated in terms of the number of surviving cell counts recorded as colony forming units per mL (CFU/mL). The results were arithmetic means of three measurements.
Optimization of bifidobacteria growth and skimmed milk media performance
Selection of enhanced growth media of Bifidobacteria strains: For growth improvement and better survival of B. longum subsp. longum FA1 and B. breve M4A the strains were cultured in 10% reconstituted skimmed milk media which was supplemented with different concentrations of two carbohydrates and yeast extract. For this skimmed milk (10%) powder dissolved in distilled water and were supplemented with 0.3% or 0.6% yeast extract, and oligofructose or glucose in different levels (1%, 2% and 3%). Skim powder (10%) without the addition was used as control. The skimmed milk media were heat treated at 110°C for 10 min. Skimmed milk media were inoculated with a 10% (v/v) B. longum subsp. longum FA1 and B. breve M4A culture after activation of lyophilized culture and were incubated anaerobically for 48 h at 37°C. Skimmed milk media samples were withdrawn for pH and turbidity measurements. For the enumeration of viable cells, culture samples in skimmed milk media were serially diluted in 0.1% (w/v) sterile prereduced peptone water and plated in duplicate onto MRS agar. Plates were incubated anaerobically at 37°C for 3 days. Viability was expressed as log10 CFU/mL.
Growth density and mean doubling time determination:
An aliquot of the culture in skimmed milk was taken at intervals EDTA, (pH 12.0), and turbidity was measured (ThermoSpectronic-Genesys 10UV, Fisher, USA) at 640 nm. The EDTA, at pH 12, chelates the calcium ions and disaggregate casein micelles, resulting in a fast loss of opacity from solubilisation of the milk solids and depleted casein micelles [10] . Un-inoculated milk media were diluted with 0.2% (w/v) EDTA and used as the blank. Specific growth rate (µ) for each culture was calculated using the following equation: µ = (lnX 2 -lnX 1 ) / (t 1 -t 2 ), where X 2 and X 1 are the cell density at time t 2 and t 1 . Doubling time (Td) was calculated as: Td = ln 2 / µ [4] .
Measurement count number associated supplemented media: As a matter, the desired number of bifidobacterium strains was used by supplementation with carbohydrates to enhance the growth and survival. Skimmed milk powder containing 10% solids (Merck) was reconstituted in distilled water. Skimmed milk base (containing 0.3% yeast extract) was supplemented with 3% (w/v) oligofructose for culture of B. longum subsp. longum FA1 and 3% glucose for B. breve M4A. The culture media were closed with stoppers and cramps. Each bottle contained 10 mL skimmed milk media and CO 2 /N 2 gas was flashed the bottles, and sterilized by autoclaving at 121°C for 10min. The bottles were inoculated with 10% (v/v) B. longum subsp. longum FA1 or B. breve M4A culturs after the activation of each pure Lyophilized culture for 24 h. The cultures were incubated anaerobically at 37°C, and the pH was regulated: ~5 mL samples were withdrawn every 16 h for analysis.
Statistical analysis and experiment design:
All experiments were repeated three (two for doubling time) times. The analyses were performed in dublicate. Statistical analyses were performed using SPSS version 22.0.0.1 (IBM software, USA). Analyses of Variance (ANOVA) was used for multiple comparisons for doubling time, and p < 0.05 and p < 0.01 were considered statistically significant and highly significant, respectively. The post hoc Least Significant Difference (LSD) test was chosen for homogenous variances. To assess the relationship between yeast extract, oligofructose, glucose and the doubling time we used three factorial ANOVA making use of the mixed procedure in SPSS to account for heterogeneity of variances in an unbalanced design.
The mediation analysis of indirect effects media supplemented with yeast extract, glucose and oligofructose affected on count number and acid production. The indirect influence of the skimmed milk media affected on pH value in such nonlinear model. The relationship were evaluated between Medium (yeast extract, oligofructose and glucose) on pH via count number as a mediator using multiple, nonlinear regression models. Multiple Regression analyses of dependent factors of pH value and count number. The factorial design of our analysis was nonlinear relationship between independent and dependent variables.
with y = dependent variable (here: pH), a = constant, e = error term, b 1 ... b 3 = regression coefficients, x 1 ... x 2 = independent variables (glucose and oligofructose and count number), x 1 ² = x 1 squared (power term for nonlinear part of the model). The unbalanced present or not some ingredient and more or less concentration of glucose, and oligofructose with heterogeneity of variance, therefore, we cannot run p value and trust with it. Another ANOVA was run to its hidden and mix procedure accounting for the heterogeneity of ANOVA and correcting the p value.
Results
Lyophilization procedure sustained acceptable survival rate
The CFU of the MRS broth culture before lyophilisation was 6.77 and 6.87 log CFU/mL for B. longum subsp. longum FA1 and B. breve M4A, respectively ( Table 1 ). The survival rates were 71.8% and 81.5% for B. longum subsp. longum FA1 and B. breve M4A, respectively. The number of viable cell counts after six months storage were 5.06 and 6.84 log CFU/mL for B. longum subsp. longum FA1 and B. breve M4A, respectively. The survival rates after six months storage were 74.7% and 99.6% for B. longum subsp. longum FA1 and B. breve M4A, respectively (Table 1) .
pH reduction by utilization of yeast extract, glucose and oligofructose Figure 1 depicts continuous reduction of pH during a 48 h incubation period for B. breve M4A. The pH in the control was 4.71, whereas figure 2 shows that with all treatments pH decreased to less than 4. For B. longum subsp. longum FA1, the pH in the control was 5.03, whereas the pH with all treatments decreased to 4 ( Figure 1 and Figure 2 ).
Doubling time was improved by the use of yeast extract, glucose and oligofructose supplemented medium
Doubling time was used as a measure of the effects of yeast extract, glucose, and oligofructose concentrations on growth density of bifidobacteria. The enhancement of the growth rates of B. longum subsp. longum FA1 and B. breve M4A were evidenced by significantly reduced doubling times compared with the controls. As depicted in figure 3 there was a dose-dependent growth improvement of B. longum subsp. longum FA1 secondary to 0.6% yeast extract and 0.3% yeast extract supplemented with either glucose or oligofructose at 1%, 2%, and 3%. Among the carbohydrate sources tested, treatment with skimmed milk + 0.3% yeast extract + 3% oligofructose was the most effective, resulting in a significantly reduced doubling time. All treatments involving supplementation with oligofructose resulted in a significantly decreased doubling time compared with treatments involved supplementation with glucose and yeast extract. Figure 4 showed the enhancement of the growth of B. breve M4A by various supplements. Among the carbohydrate sources tested, skimmed milk + 0.3% yeast extract + 3% glucose provided the shortest mean doubling time, and oligofructose resulted in a significantly reduced doubling time compared with treatment involving yeast extract as the sole supplement and skimmed milk + 0.3% yeast extract + 1% glucose (Figure 3 and figure 4 ).
Viable cell number was improved in yeast extract, glucose and oligofructose medium
The highest viable cell number achieved by B. longum subsp. longum FA1 was 8.21 log CFU/ mL with the skimmed milk + 0.3% yeast extract + 1% oligofructose treatment and the lowest viable cell number was 7.70 log CFU/ mL for the skimmed milk (Control), followed by 8. 
Optimization surface response to the supplemented media
The response surface plots in figure 6 showed the relationship between the count number (log CFU/mL) of B. longum subsp. longum FA1 and different media. The maximum count number 
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Copyright: © 2015 Krawinkel et al. 8 .21 and 7.70 (log CFU/mL) of B. longum subsp. longum FA1 was obtained from glucose 3% followed oligofructose 1% supplemented medium, respectively ( Figure 6 ). The highest acid production and the highest count number of the surface plot shown in figure 6a whereas the lowest levels of acid production and count number of the surface plot illustrated in figure 6b, figure 6c and figure 6d were the media with lower carbohydrate concentration and without carbohydrates. Figure 7 showed response surface plot representing an optimized count number 8.46 and 8.43 (log CFU/mL) of B. breve M4A (Figure 7a ) attributed to the oligofructose 3% and glucose 3% supplemented media, respectively. The supplemented skimmed milk media with 1% and 2% of carbohydrates showed in figure 7b, figure 7c and figure 7d had been less improvement of the pH values as well as count number.
Discussion
The pre-results of isolation showed that the two strains of B. longum subsp. longum FA1 and B. breve M4A grew faster than others and were selected for further studies.
Turbidity measurement is frequently used to determine growth rate, allthough turbidity measurement determines both viable and dead cells. Measuring turbidity is much faster than the direct count number such as standard plate count. For accurate determination, the viable count number is much more sensitive than turbidimetric measurement. In the present study the count number was used to measure growth in supplemented media. Anyway, the doubling time measurement method of bacterial growth is relatively easy when the measuring frequent daily achieved regarding to admister B. longum subsp. longum FA1 and B. breve M4A to the animal fed high fat diet (unpublished data). The culture media of B. longum subsp. longum FA1 and B. breve M4A were daily given to the animal trial with the anti-obesity activity reduced gain weight of bifidobacteria strains of young mice fed a high-fat diet.
Bifidobacteria are used as probiotics for the prevention and treatment of pathologies typical of newborns, such as necrotizing enterocolitis, colics, and streptococcal infections. Furthermore, allergic diseases, celiac disease, obesity, and neurologic diseases represent new potential opportunities for probiotic application of bifidobacteria [11] . Short-chain fatty acids are the major end products of carbohydrate metabolism in bifidobacteria, which could lead to lower pH and the growth of harmful organisms in the intestine as well as to an increase in intestinal wavelike movements that push the contents of the gut forward which could help to remove any potential pathogens [12] . In the present study, two strains of bacteria were used because of their origin from the human gut of breastfed infants. Several observations have been reported with B.longum and B.breve; therefore both strains were studied. These isolates were chosen for higher viability as recommended for probiotic microorganisms [13] [14] [15] .
We found high differences between two bifidobacteria strains used regarding to the acid production in all tested media supplemented with different concentration of yeast extract, glucose and oligofructose, as compared with the controls ( Figure  1 and Figure 2 ).
Shin and colleagues [4] found significance decreased mean doubling time in three different skimmed milk media supplemented with 1% fructo-oligosaccaride, 3% galactoologosaccaride and 5% inulin for two commercial strains of B. bifidum (Bf-1 and Bf-6). Bărăscu et al. [16] 
Improved culture conditions for Bifidobacterium strains
The viability of bifidobacteria has a limited shelf life in the conventional media. For the long-term preservation, lyophilisation has been the classical way of the preservation [17] . Viable cell counts of B. breve M4A and B. longum subsp. longum FA1 following lyophilisation and conservation for 6 months suggested acceptable survival rates. Skimmed milk fermentation increased the potential for acid production and decreased the doubling time in the presence of yeast extract, glucose, and oligofructose. Skimmed milk media supplemented with yeast extract and glucose or oligofructose were effective in improving the growth of B. breve M4A and B. longum subsp. longum FA1, depending on the carbohydrate concentration and Bifidobacterium strain used. Bărăscu and colleagues [16] improved the number of bifidobacteria in fermented milk with nutrients supplementation. When supplemented fermented milk with 0.3% yeast extract or 1.5% wheat germ extract within 24 h incubation. The growth was improved from 7.8×10 8 to 3.3×10 9 CFU/mL of the control and 0.3% yeast extract, respectively. The growth was improved from 1.6×10 9 to 8.5×10 9 CFU/mL of the control and 1.5% wheat germ extract, respectively.
Several studies have suggested that the existence of bifidobacteria is usually not high in most dairy products due to low pH [2, 18] . In figure 1 and figure2 , the pH values at 1 h and 24 h were optimal for biomass production of different media. During the fermentation process, the pH decreased due to the accumulation of organic acids. This accumulation of organic acids inhibited the growth of bifidobacteria and consequently limited the production of more organic acids even though the media were improved with yeast extract and carbohydrate. Therefore, the acid concentration remained constant at the end of the fermentation time.
As illustrated in figure 5 , the supplemented skimmed milk treatments increased the viable cell counts of both B. breve M4A and B. longum subsp. longum FA1 highly significantly (p < 0.01) in comparison with the controls. The highest viable cell number (CFU) of B. longum subsp. longum FA1 was observed with 1% oligofructose-supplemented treatment and was not influenced by higher oligofructose concentrations. In contrast, the effects or Bf-6 was grown in the presence of 0.5% fructooligosaccharide.
The yeast extract represents a valuable source of nutrients and growth factors, being used in the majority culture medium of bacteria. Through the valuable content of amino acids, the yeast extract may contribute to the growth stimulation of Bifidobacteria and also to the improvement viability in dairy products [16] .
Optimization surface response to the factors
Different levels of substrates supplemented skimmed milk media were affected on the cell growth of bifidobacteria and acid production. The mediation analysis of indirect effects skimmed milk media supplemented with yeast extract, glucose and oligofructose influenced on count number and pH value. The relationship was evaluated among supplemented media with different levels on pH via count number as a mediator using multiple, nonlinear regression models. The design not allowed to study interaction effect in such model like PlackettBurman design [21] . The response surface plots showed that the maximum count number of B. longum subsp. longum FA1 and B. breve M4A was achieved at 48 h when the pH reached 4. For every concentration levels increased of carbohydrates, the count number was increased both of B. longum subsp. longum FA1 and breve M4A whereas the yeast extract levels alone presented less influence toward count number. The optimal growth of B. longum subsp. longum FA1 was obtained from skimmed milk media supplemented 3% glucose, while skimmed milk media supplemented 3% oligofructose was more efficiently optimized growth of B. breve M4A. This result indicated that interactions between skim milk supplemented yeast extract, and glucose or oligofructose might have a stronger influence on growth rate of bifidobacteria. Consequently, the use of high carbohydrates level (3%) in skim milk media significantly improved the pH value and the count number.
In conclusion, viable cell counts of B. breve M4A and B. longum subsp. longum FA1 following lyophilisation and conservation for 6 months suggested acceptable survival rates. Skimmed milk fermentation increased the potential for acid production and decreased the doubling time in the presence of yeast extract, glucose, and oligofructose. Skimmed milk media supplemented with yeast extract and glucose or oligofructose were effective in improving the growth of B. breve M4A and B. longum subsp. longum FA1, depending on the carbohydrate concentration and Bifidobacterium strain used. Improved protocols for bifidobacteria fermentation and lyophilisation might be helpful for upscale and industrial production of bifidobacteria supplemented food.
